INTRODUCTION
The postweaning period has received much attention because pigs at this stage are especially susceptible to disease because of the stresses associated with weaning and their immature immune systems and also because of the challenge of providing adequate nutrients to pigs with high requirements and immature digestive tracts (Pluske et al., 2002; Lalles et al., 2007) . High-quality protein ingredients, such as spray-dried plasma (SDP), milk products, and fi sh meal, are used in nursery pig diets to minimize disease problems and to maximize growth performance in spite of their high cost (Pettigrew, 2006; Stein and Kil, 2006) . Spray-dried plasma especially increases growth rate and protects against disease (Pettigrew, 2006) . Recent dramatic increases in prices of high-quality protein products for nursery pig diets exacerbate the challenge of diet formulation.
The spray-dried egg (SDE) product tested here is produced only from eggs without shell that are below the USDA Grade B standards [Norberg et al., 2004 ; Association of American Feed Control Offi cials (AAFCO), 2008; Table  1 ]. It is an excellent nutrient source (Norberg et al., 2004; Harmon and Richert, 2007) because of high digestibility, favorable balance of AA, increased fat content, and increased ME value. Beyond the provision of bioavailable nutrients, SDE may also provide specifi c physiological benefi ts because it contains physiologically active components such as immunoglobulins (IgY in egg yolk; Rose et al., 1974; Akita and Nakai, 1992; Harmon et al., 2002) and lysozyme, an antimicrobial protein (Cunningham et al., 1991; Ibrahim et al., 1996; Schmidt et al., 2007) . Therefore, SDE may provide 2 important contributions to nursery pig diets, both bioavailable nutrients and specifi c physiological benefi ts to improve health.
However, there is little empirical evidence that SDE improves growth performance and health of nursery pigs. The objective of the present studies was to evaluate the nutrient contributions and physiological health benefi ts of SDE in nursery pig diets.
MATERIALS AND METHODS
The protocols for these experiments were reviewed and approved by the Institutional Animal Care and Use Committee of Purdue University at West Lafayette and the University of Illinois at Urbana-Champaign. Three experiments were conducted in university swine research farms, and 1 experiment was conducted in a commercial pig nursery in Illinois.
In all experiments, each pen within a block housed the same number of barrows and gilts, and pigs had ad libitum access to feed and water. Dietary treatments within each experiment and phase were formulated to the same ME and Lys content (total Lys in Exp. 1 and 2; standardized ileal digestible Lys in Exp. 3 and 4) and to meet or exceed NRC (1998) estimates of nutrient requirements and targets for ratios of other AA to Lys (Tables 2 to 4) .
Experiments 1 and 2
These experiments were conducted at Purdue University. A total of 168 and 140 newly weaned pigs with average initial BW of 5 kg and age of 16 d were used in Exp. 1 and 2, respectively, to evaluate the effect of SDE on growth performance during the 10-d period. Treatments were with or without 5% SDE in a nursery control diet, which included antibiotics and zinc oxide (Table 2) . Pigs were assigned to each pen by BW groups (block), and each pen was assigned to the dietary treatments. There were 2 rooms with 7 replications per room and 6 and 5 pigs/pen in Exp. 1 and 2, respectively. Individual pigs and feeders were weighed at the beginning and end of the experiment to calculate ADG, ADFI, and G:F for each pen. pigs were placed in 4 pens at the center of each room and separated into 3 BW blocks (heavy, medium, or light). The largest pigs were selected individually by eye and placed rotationally into the 4 pens (20 or 21 pigs/pen) designated for the heaviest BW block. Then, the smallest pigs were selected and placed into the 4 pens designated for the lightest BW block. After the selection of the smallest pigs, the remaining pigs in the center of the room were designated for the medium BW block. All pigs not selected were moved from the room. Within block, pigs Phase 1 = wk 1, phase 2 = wk 2, phase 3 = wk 3 and 4, and phase 4 = wk 5 and 6; HSDP = high concentration of spray-dried plasma (SDP); LSDP = low concentration of SDP; SDE = spray-dried egg (+ with SDE, -without SDE); and CS = corn-soybean meal (SBM) based diet.
2 Dehulled, 48% CP.
3 Appetein (APC, Inc., Ankeny, IA). 4 Rose Acre Farms (Seymour, IN).
5 PBM = poultry by-product meal, 65% CP (Griffi n Industries, Inc., Cold Spring, KY).
6 SPC = soy protein concentrate (Soycomil-K; ADM, Decatur, IL).
7 Di-cal. = calcium phosphate, dibasic. were moved among pens if necessary to equalize the number of barrows and gilts across those 4 pens. After all assignments of pigs in each room, all pigs designated for the experiment were weighed by pen, and if necessary, some pigs were traded among pens within the BW block to ensure the pen weight difference between any 2 pens was less than 5% of the average pen weight. When pigs were traded among pens, pigs were reweighed in those pens.
Treatments were in a 2 × 2 factorial arrangement with or without SDE and 2 different concentrations of SDP [high level of SDP (HSDP) or low level of SDP (LSDP)] in a nursery control diet, which included antibiotics and zinc oxide (Table 3) . Pigs were fed for 6 wk using a 4-phase feeding program. Each of the treatments consisted of a series of 3 diets appropriate for pigs of increasing age and was fed for these periods after weaning: phase 1 (wk 1), phase 2 (wk 2), and phase 3 (wk 3 and 4). Then a common corn-soybean meal diet was fed for an additional 2 wk (phase 4; wk 5 and 6) to all pigs. Inclusion of SDP was terminated after phase 2 to simulate common commercial practice. The inclusion of SDP and SDE largely replaced poultry by-product meal, soy protein concentrate, and soybean oil, holding constant the inclusion of ingredients thought to infl uence health (whey, lactose, fi sh meal, and soybean meal). The pen weight and feeder were measured at the beginning and end of each phase. Measurements Phase 1 = wk 1, phase 2 = wk 2, phase 3 = wk 3 and 4, and phase 4 = wk 5 and 6; CON = control diet; SDP = spray-dried plasma diet; SDE = spray-dried egg (+ with SDE, -without SDE); CS = corn-soybean meal (SBM) based diet.
7 Di-cal. = calcium phosphate, dibasic. were ADG, ADFI, G:F, removal rate (mortality plus morbidity), and frequency of medical treatments per pen and day (MED) for each phase and the overall period. Decisions to remove or treat sick pigs were according to standard practice of the farm. All pig deaths, removals, and medical treatments were recorded. When pigs were removed, the removed pigs were weighed. The pen weight gain, including the BW of the removed pigs, and the feed intake of the pen were divided by total pig days of the pen to calculate ADG and ADFI for the pen, respectively.
Experiment 4
This experiment was conducted at the University of Illinois. A total of 160 weaned pigs with average age of 21 d [6.7 ± 1.0 kg BW; PIC Line 337 × C 22 (PIC)] were used to evaluate whether SDE can replace SDP in nursery pig diets. There were 40 pens in total, with 10 pens/treatment. Treatments were in a 2 × 2 factorial arrangement of with or without SDP and with or without SDE in a nursery control diet, which did not include antibiotics or zinc oxide (Table 4) . Pigs were assigned to each pen by BW (3 blocks: heavy, medium, and light) and fed for 6 wk using the same 4-phase feeding program used in Exp. 3. Each of the test ingredients (SDE and SDP) was included in the diet at concentrations of 6%, 4%, and 2% for phases 1, 2, and 3, respectively. Individual pigs and pen feeders were weighed at the beginning and end of each phase to calculate ADG, ADFI, and G:F for each pen.
Statistical Analyses
Data were analyzed using the PROC MIXED procedure (SAS Inst. Inc., Cary, NC). The experimental unit was the pen. Block was a random effect. For Exp. 1 and 2, the statistical model included effects of diet as a fi xed effect. For Exp. 3, the statistical model included effects of SDE, SDP, and interaction as fi xed effects, and the χ 2 test was used for removal rate and MED. For Exp. 4, the statistical model included the effect of SDE, SDP, and interaction as fi xed effects.
RESULTS
In both Exp. 1 and 2, the SDE increased ADG and ADFI (P < 0.05) compared with the control diets (Figure 1 ). However, diets had no effect on G:F in Exp. 1 or 2.
In Exp. 3, the diets with the SDE increased (P < 0.05) ADFI during only phase 1 compared with the diets without the SDE (Table 5 ) but did not affect growth performance during any other periods. However, apparent carry-over effects in phase 4 on ADG (P < 0.05) and G:F (P = 0.061) were noted for pigs previously fed diets with SDE. There were trends for negative SDE effects on G:F during phases 2 (P = 0.064) and 3 (P = 0.096) compared with diets without the SDE. The diets with the SDE reduced MED during phase 1 (P < 0.05) and tended to reduce MED during the overall period (P = 0.062) compared with the diets without the SDE (Figure 2 ). More precisely, the SDE reduced MED in the presence of the low SDP and increased MED in the presence of the high SDP during phase 2 (SDE × SDP, P < 0.05). However, the SDE did not affect removal rate (Figure 3) . No interactions (P = 0.16 to 0.92) between SDE and SDP were detected on growth performance during any periods (Table 5) .
In Exp. 4, the diets with SDE increased (P < 0.05) ADFI during only phase 1 compared with the diets without the SDE but did not affect growth performance during any other phases (Table 6 ). There were negative SDE effects (P < 0.05) on G:F during phases 2 and 3 and the overall period compared with diets without the SDE (Table 6 ). The reduction of G:F by SDE in phase 3 was stronger in the presence of SDP than in its absence (interaction, P = 0.063).
DISCUSSION
The present experiments showed that SDE either increased growth rate (in Exp. 1 and 2 and phase 4 of Exp. 3) or did not change it (in Exp. 3 and 4 over the entire period). It reduced feed effi ciency during some phases of Exp. 3 and 4. Previous studies found a similar range of effects on growth performance. When the SDE replaced soybean meal in the present Exp. 1 and 2 and in the previous work by DeRouchey et al. (2003) , growth rate was increased. When it replaced poultry by-product meal (the present Exp. 3), growth rate was unchanged. When it replaced SDP, growth rate was usually not changed (Norberg et al., 2001; Figueiredo et al., 2003 ; the present Exp. 4) but was reduced in 1 instance (Schmidt et al., 2003) . It is possible that a benefi t of SDE is more likely in the absence Figure 1 . Effect of spray-dried egg on growth performance (Exp. 1 and 2). CON is control diet, and SDE is 5% spray-dried egg diet. The dietary treatments were provided to pigs for 10 d after weaning, and there were 14 replicates/treatment in each experiment. The unit is g/d for ADG, g/d for ADFI, and g/100 g for G:F. a,b Means with different letters differ between dietary treatments (P < 0.05).
at Acquisitions Dept on August 15, 2014 www.journalofanimalscience.org Downloaded from . Phase 1 = wk 1, phase 2 = wk 2, phase 3 = wk 3 and 4, phase 4 = wk 5 and 6, and overall = wk 1 to 6. HSDP is high concentration of spray-dried plasma (SDP), and LSDP is low concentration of SDP, whereas SDE is spray-dried egg. There were 12 replicate pens/treatment. Data were analyzed by χ 2 test. Symbols indicate the following: **, difference between with and without SDE (P < 0.05); § §, interaction between SDE and SDP level (P < 0.05); ##, difference between with and without SDE (P = 0.062). Figure 3 . Effect of spray-dried egg on removal rate, including mortality and morbidity (Exp. 3). Phase 1 = wk 1, phase 2 = wk 2, phase 3 = wk 3 and 4, phase 4 = wk 5 and 6, and overall = wk 1 to 6. HSDP is high concentration of spray-dried plasma (SDP), and LSDP is low concentration of SDP. CON is control diet, and SDE is spray-dried egg diet. There were 12 replicate pens/ treatment. Data were analyzed by χ 2 test. There were no SDE (P = 0.35 to 0.84), SDP (P = 0.24 to 0.78), or interaction (P = 0.58 to 0.93) effects at any phase or overall.
of other dietary factors that promote health, such as SDP, antibiotics, and zinc oxide, but that is not shown clearly in either the present studies or the results of previously published studies. The reduction of G:F, when SDE was fed, is consistent with energy or nutrient contribution of SDE being less than assumed in formulation of the diets. The formulations were based on ME of 5,000 kcal/kg asfed basis for SDE (Harmon and Richert, 2007) . Otherwise, the growth data indicate SDE is an effi cacious nutrient source, in agreement with previous information.
Generally, SDE contains a large proportion of egg white (albumen; Rose et al., 1974; Schmidt et al., 2003) , which has an excellent AA profi le with a relatively high amount of Met, Trp, and Val (DeRouchey et al., 2003; Figueiredo et al., 2003; Harmon and Richert, 2007) compared with other protein sources for nursery pigs, such as soybean meal, fi sh meal, dried whey, and SDP (NRC, 1998) . The egg product is also highly digestible, with nutrient digestibility values similar to those of soybean meal and plasma protein in pig (Schmidt et al., 2003) and duck (Norberg et al., 2004) diets. In addition, SDE contains a greater fat content, about 30% (Norberg et al., 2001 (Norberg et al., , 2004 Figueiredo et al., 2003) and therefore a greater ME content than other protein ingredients for nursery pigs (NRC, 1998) .
The present Exp. 3 showed SDE reduced MED during the fi rst week after weaning and the overall period, indicating that it improved pig health. This observation implies that SDE provides some physiological benefi ts to young animals beyond the bioavailable nutrient contributions. It may contribute some protection against disease because of specifi c components of SDE. First, SDE contains IgY (Harmon et al., 2002) . The amount of IgY in egg yolk has been estimated to range widely from 30,000 mg/kg (Rose et al., 1974; Harmon et al., 2002) to 12,000 mg/kg (Akita and Nakai, 1992) . A batch of SDE from the supplier (Rose Acre Farms, Seymour, IN) for the present experiments contained 11,800 mg IgY/kg, as analyzed by binding affi nity for both peptidoglycan and bacterial lipopolysaccharide antigens through competitive binding assays (M. E. Spurlock, Iowa State University, Ames, personal communication). Chicken IgY antibodies are structurally similar to the IgG antibodies produced by mammals in response to conventional immunization methods. They do not interfere with mammalian IgG and do not activate 
